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method has one definite advantage over the resistivity measure-
ment in that it can be used in cased wells and thus may be used
to show water that may be entering through broken casing.
WELL SURVEYING*
In drilling holes by the rotary method, it is seldom, if ever, that
a hole is perfectly straight. The long string of drill pipe used
to turn the drill is really very flexible, especially when its length
becomes several thousand times its diameter. If excess weight
is put on the bit or if dipping strata of different hardness are
encountered, the hole may be deflected to a surprising degree.
Inclination of holes of up to 20 deg. from the vertical is not
uncommon, and in extreme cases inclinations as high as 60 to
70 deg. have been found. It is quite possible for the bottom of
a hole 6,000 or 8,000 ft. deep to be displaced as much as J^ mile
laterally from a position vertically below the surface location.
In other cases wells are deflected intentionally in order to drill
into zones that, for one reason or another, are inaccessible from
a point directly above. A spectacular instance of controlled
directional drilling is that in which deflected wells have been
drilled to intersect the bottom of a well that is out of control,
cratered, or on fire, so that mud can be pumped down in the
control well to kill the flow of oil or gas from the wild well. Any
of these circumstances may make it desirable to know with some
precision the true course of a well and the location of the bottom
with respect to its surface location.
To determine the course of a well underground it is necessary
to determine the deflection of the hole from the vertical and the
azimuth of the direction of the deflection at successive intervals
down the hole. This involves (1) the determination of the
magnitude and direction of the departure of the course of the
hole from the vertical and (2) the determination of a reference
azimuth to which the direction of the departure from the vertical
is referred. Several methods are used for each of these factors.
One method of determining departure from the vertical is by
the use of free-swinging pendulums or plumb bobs of different
sorts. These all depend upon a mass hanging freely so that its
position is vertical. A registration of its position with respect
1 For a general discussion of the methods and apparatus for well surveying
up to about ten years ago, see Haddock, 1931t